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PACKET MODE AUTO-DETECTION IN
MULTI-MODE WIRELESS
COMMUNICATION SYSTEM, SIGNAL FIELD
TRANSMISSION FOR THE PACKET MODE
AUTO-DETECTION, AND GAIN CONTROL
BASED ON THE PACKET MODE

CROSS-REFERENCE(S) TO RELATED
APPLICATIONS

The present application claims priority of Korean Patent
Application No(s). 10-2009-0101925 (and 10-2009-
0101956, 10-2010-0006218, 10-2010-0013642), filed on
Oct. 26, 2009, (and Oct. 26, 2009, Jan. 22, 2010, Feb. 12,
2010, respectively,) which is(are) incorporated herein by ref-
erence in its(their) entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

Exemplary embodiments of the present invention relate to
packet mode auto-detection in a multi-mode wireless com-
munication system, signal field transmission for the packet
mode auto-detection, and gain control based on the packet
mode; and, more particularly, to a method for automatically
detecting a packet mode in a multi-mode wireless communi-
cation system (e.g., a Wireless Local Area Network (WLAN)
communication system supporting various modes) by using a
data rate value and a packet length setting value, a method for
transmitting a signal field for auto-detection of a packet mode
by phase rotation of a data tone and/or a pilot tone at the signal
field transmission, and a method for performing an automatic
gain control according to the detected packet mode.

2. Description of Related Art

In general, a wireless communication device based on the
IEEE 802.11n standards uses up to four multiple antennas and
a 40 MHz bandwidth and reduces an overhead, thereby mak-
ing it possible to transmit data at a data rate 10 times higher
than a 54 Mbps data rate of a wireless communication device
based on the conventional IEEE 802.11a/g standards. Here-
inafter, a wireless transmission mode based on the IEEE
802.11a/g standards will be called a legacy mode, and a
wireless transmission mode based on the IEEE 802.11n stan-
dards will be called a High Throughput (HT) mode.

An HT signal field HT-SIG is added in an IEEE 802.11n
packet in order to maintain the compatibility with a legacy
mode such as IEEE 802.11a/g while supporting an HT mode
of IEEE 802.11n. The addition of the HT signal field in the
IEEE 802.11n packet is to facilitate the discrimination from a
legacy packet and to process a received signal in conformity
with the HT packet frame format.

In general, a legacy transmission frame includes an
Orthogonal Frequency Division Multiplexing (OFDM)
packet preamble, a signal field, and an OFDM data field. For
compatibility with the conventional IEEE 802.11a/g stan-
dards, an IEEE 802.1 1n-based transmission frame includes: a
common part receivable by both a legacy terminal and a HT
terminal; and a HT-dedicated part receivable only by an HT
terminal. The common part includes an OFDM packet pre-
amble (L-STF, L-LTF) and an [.-SIG field that is a signal field
for a legacy terminal. The HT-dedicated part includes an
HT-SIG1/HT-SIG2 field (i.e., a signal field for an HT termi-
nal), an HT-SIF/HT-LTF field (i.e., a preamble field for an HT
terminal), and an OFDM data field.

In such an HT transmission frame structure, a discrimina-
tion between a legacy mode and an HT mode is made between
L-SIG and HT-SIG. For a discrimination between a legacy
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mode and an HT mode, a conventional method transmits an
HT signal field by modulating it by a Quadrature Binary
Phase Shift Keying (Q-BPSK) scheme that rotates the phase
of'a data tone of the HT signal field by 90 degrees, as illus-
trated in FIG. 1.

That is, as illustrated in FIG. 1, an HT signal field HT-SIG
is transmitted by 90 degree phase modulating a data tone of
the HT signal field HT-SIG in comparison with a legacy
signal field L.-SIG. Thus, a receiving (RX) terminal can deter-
mine whether an HT signal field HT-SIG or a data field for a
legacy terminal is received after a legacy signal field.

However, such a conventional packet mode detection
method has a great difficulty in discriminating a Q-BPSK
modulation signal ofan HT signal field and a 64-QAM modu-
lation signal for data. In order to solve such a problem, the
conventional method discriminates between a 64-QAM sig-
nal and a Q-BPSK signal by comparing the accumulation
values of the mapped signal values by using a detection
threshold value as illustrated in FIG. 1. However, such a
conventional packet mode detection method has the follow-
ing problems.

First, the conventional method is low in terms of the reli-
ability of packet mode detection. The method of discriminat-
ing between a 64-QAM signal and a Q-BPK signal by a
detection threshold value as illustrated in FIG. 1 is low in
terms of a signal-to-noise ratio (SNR) and has a high prob-
ability that a mode detection error may occur due to a noise in
apoor environment with a severe channel change. A 64-QAM
signal is the maximum modulation mode in the conventional
method, but the problem becomes more serious if the higher
modulation scheme (e.g., a 256-QAM modulation scheme) is
used for a very high throughput mode. Therefore, a simple
comparison of BPSK and Q-BPSK can be made according to
the 6 Mbps data rate setting of a legacy signal field, but it is
difficult to detect an error in the legacy signal field through a
one-bit parity check if a channel environment is poor.

Secondly, the conventional method is low in terms of
extendibility. If the conventional method is used to discrimi-
nate between an HT mode and a Very High Throughput
(VHT) mode (the mode following the HT mode) in the HT-
SIG, an automatic packet mode detection becomes impos-
sible because the [ energy and the Q energy become equal in
the case of a terminal using both of the two HT-SIG symbols
among the terminals supporting the IEEE 802.11n standards.
Accordingly, the total network throughput decreases and the
power consumption efficiency decreases.

The above problems of the conventional method may
become more serious when detecting packets based on the
Very High Throughput (VHT) wireless communication stan-
dards (e.g., IEEE 802.11ac) following the conventional wire-
less LAN standards. Hereinafter, the IEEE 802.11ac-based
wireless transmission mode will be referred to as a VHT
mode.

SUMMARY OF THE INVENTION

An embodiment of the present invention is directed to a
method for automatically detecting a packet mode in a wire-
less communication system supporting multi-mode packets,
which can perform an automatic packet mode detection with
a high reliability while providing a compatibility with the
conventional method.

Another embodiment of the present invention is directed to
a method for automatically detecting a packet mode in a
multi-mode wireless communication system with a high reli-
ability by using a data rate value and a packet length setting
value.
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Another embodiment of the present invention is directed to
a method for transmitting a signal field in a multi-mode wire-
less communication system by using a modulation scheme
based on the phase rotation of a data tone and/or a pilot tone,
which can implement an automatic packet mode detection
with a high reliability while providing a compatibility with
the conventional method.

Another embodiment of the present invention is directed to
a method for automatically detect a packet mode in a multi-
mode wireless communication system by using a different
periodicity or a phase difference of a preamble.

Another embodiment of the present invention is directed to
a method for automatically detecting a packet mode in a
multi-mode wireless communication system by using a
reserved bit of a signal field L-SIG for a legacy terminal and
a reserved bit of a signal field HT-SIG for an HT terminal,
which can perform an automatic packet mode detection with
a high reliability while providing a compatibility with the
conventional method.

Another embodiment of the present invention is directed to
amethod for performing an automatic gain control in a multi-
mode wireless communication system according to the
packet mode detected through a packet mode detection pro-
cess.

Other objects and advantages of the present invention can
be understood by the following description, and become
apparent with reference to the embodiments of the present
invention. Also, it is obvious to those skilled in the art to
which the present invention pertains that the objects and
advantages of the present invention can be realized by the
means as claimed and combinations thereof.

In accordance with an embodiment of the present inven-
tion, a method for automatically detecting a packet mode in a
wireless communication system supporting a multiple trans-
mission mode includes: acquiring at least one of data rate
information, packet length information and channel band-
width information from a transmitted frame; and determining
the packet mode on the basis of the phase rotation check result
of'a symbol transmitted after a signal field signal and at least
one of the data rate information, the packet length informa-
tion and the channel bandwidth information acquired from
the transmitted frame.

Herein, the data rate information may include at least one
of'the data rate information HT_RATE for a High Throughput
(HT) mode and the data rate information [._RATE for a
legacy mode included in the signal field of the transmitted
frame.

Also, the packet length information may include at least
one of the packet length information HT_LENGTH for a
High Throughput (HT) mode and the packet length informa-
tion [,_LENGTH for a legacy mode included in the signal
field of the transmitted frame.

Also, the signal field may include at least one of the signal
field L-SIG for a legacy mode and the signal field HT-SIG for
a High Throughput (HT) mode, and the packet mode may be
determined by checking whether a symbol following the
L-SIG signal or the HT-SIG signal is a phase rotation modu-
lation mode.

In accordance with another embodiment of the present
invention, a method for automatically detecting a packet
mode in a wireless communication system supporting a mul-
tiple transmission mode includes: acquiring at least one of
data rate information, packet length information and channel
bandwidth information from a transmitted frame; and deter-
mining the packet mode on the basis of the phase rotation type
information of a symbol and at least one of the data rate
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information, the packet length information and the channel
bandwidth information acquired from the transmitted frame.

In the packet mode determination, the phase rotation state
information of a symbol following an L-SIG signal that is the
signal field for a legacy mode may be additionally used, and
the packet mode may be determined on the basis of the phase
rotation information, the phase rotation state information of
the symbol following the L-SIG signal, and at least one of the
data rate information, the packet length information and the
channel bandwidth information.

Herein, the data rate information may include at least one
of'the data rate information HT_RATE for a High Throughput
(HT) mode and the data rate information [._RATE for a
legacy mode included in the signal field of the transmitted
frame.

Also, the packet length information may include at least
one of the packet length information HT_LENGTH for a
High Throughput (HT) mode and the packet length informa-
tion [,_LENGTH for a legacy mode included in the signal
field of the transmitted frame.

In accordance with another embodiment of the present
invention, a method for transmitting a signal field VHT-SIG
for a Very High Throughput (VHT) terminal to automatically
detect a packet mode in a wireless communication system that
transmits a packet frame including a signal field L-SIG for a
legacy terminal and a signal field VHT-SIG for a Very High
Throughput (VHT) terminal includes: modulating a symbol
of'the VHT-SIG field prior to transmission, while rotating the
phase of a pilot tone and/or a data tone by a predetermined
degree in comparison with the L-SIG field.

Herein, the data tone may be rotated by one of 0 degree, 45
degrees, 90 degrees and 135 degrees. Also, the pilot tone may
berotated by one of 0 degree, 90 degrees, 180 degrees and 270
degrees.

In accordance with another embodiment of the present
invention, a method for automatically detecting a packet
mode in a wireless communication system supporting a mul-
tiple mode including a legacy mode for a legacy terminal, a
High Throughput (HT) mode for a high throughput terminal,
and a Very High Throughput (VHT) mode for a very high
throughput terminal includes: receiving a preamble signal for
the VHT mode modulated to have a phase difference in com-
parison with a preamble signal for the HT mode or a preamble
signal for the legacy mode; and determining the packet to be
the VHT mode packet, if the received preamble signal has a
phase difference in comparison with the preamble signal for
the HT mode or the preamble signal for the legacy mode.

In accordance with another embodiment of the present
invention, a method for automatically detecting a packet
mode in a wireless communication system supporting a mul-
tiple mode including a legacy mode for a legacy terminal, a
High Throughput (HT) mode for a high throughput terminal,
and a Very High Throughput (VHT) mode for a very high
throughput terminal includes: receiving a preamble signal for
the VHT mode modulated to have a periodicity difference in
comparison with a preamble signal for the HT mode or a
preamble signal for the legacy mode; and determining the
packet to be the VHT mode packet, if the received preamble
signal has a periodicity difference in comparison with the
preamble signal for the HT mode or the preamble signal for
the legacy mode.

In accordance with another embodiment of the present
invention, a method for automatically detecting a packet
mode in a wireless communication system supporting a mul-
tiple mode including a legacy mode for a legacy terminal, a
High Throughput (HT) mode for a high throughput terminal,
and a Very High Throughput (VHT) mode for a very high
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throughput terminal includes: setting the value of a reserved
bit for a signal field of the legacy mode and the value of a
reserved bit for a signal field of the HT mode for definition of
the legacy mode, the HT mode or the VHT mode; and deter-
mining the packet mode by using the reserved bit value for the
signal field of the legacy mode and the reserved bit value for
the signal field of the HT mode.

In accordance with another embodiment of the present
invention, a method for transmitting signal information for a
Very High Throughput (VHT) mode in a wireless communi-
cation system supporting a multiple mode including a Very
High Throughput (VHT) mode for a very high throughput
terminal and at least one of a legacy mode for a legacy termi-
nal and a High Throughput (HT) mode for a high throughput
terminal includes: disposing a VHT signal field for the VHT
mode after a legacy signal field for the legacy mode or an HT
signal field for the HT mode and constructing a frame in
which a portion of signal information for the VHT mode is
recorded in a portion of the legacy signal field or a portion of
the HT signal field; and transmitting the constructed frame.

In accordance with another embodiment of the present
invention, a method for automatic gain control in a wireless
communication system supporting a multiple mode including
a Very High Throughput (VHT) mode for a very high
throughput terminal and at least one of a legacy mode for a
legacy terminal and a High Throughput (HT) mode for a high
throughput terminal includes: calculating a gain value for
automatic gain control; detecting a packet mode of a received
packet; determining whether to perform a gain control by the
calculated gain value or by using a short preamble, according
to the packet mode detection result; and performing an auto-
matic gain control on the basis of the determination result.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a diagram illustrating a conventional packet mode
detection method.

FIG. 2 is a flow diagram illustrating a method for detecting
a packet mode by using [.-SIG information and HT-SIG infor-
mation in accordance with an exemplary embodiment of the
present invention.

FIG. 3 is a flow diagram illustrating a method for detecting
a packet mode by using L-SIG information in accordance
with an exemplary embodiment of the present invention.

FIG. 4 is a flow diagram illustrating a method for detecting
a packet mode by using HT-SIG information in accordance
with an exemplary embodiment of the present invention.

FIG. 5 is a flow diagram illustrating a method for detecting
apacket mode by using [.-SI1G information and phase rotation
type information in accordance with an exemplary embodi-
ment of the present invention.

FIG. 6 is a flow diagram illustrating a method for detecting
apacket mode by using bandwidth information, L-SIG infor-
mation and HT-SIG information in accordance with an exem-
plary embodiment of the present invention.

FIG. 7 is a flow diagram illustrating a method for detecting
a packet mode by using bandwidth information and phase
rotation state information in accordance with an exemplary
embodiment of the present invention.

FIG. 8 is a flow diagram illustrating a method for detecting
apacket mode by using bandwidth information, L-SIG infor-
mation and phase rotation type information in accordance
with an exemplary embodiment of the present invention.

FIG. 9 is a diagram illustrating a VHT mode frame struc-
ture.

FIG. 10 is a diagram illustrating a process for detecting a
packet mode through signal field transmission by 180-degree
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6

phaserotation of a pilot tone in accordance with an exemplary
embodiment of the present invention.

FIG. 11 is a diagram illustrating a process for detecting a
packet mode through signal field transmission by 90-degree
phase rotation of a pilot tone and a data tone in accordance
with an exemplary embodiment of the present invention.

FIG. 12 is a diagram illustrating a process for detecting a
packet mode through signal field transmission by 90-degree
phase rotation of a data tone and 270-degree phase rotation of
a pilot tone in accordance with an exemplary embodiment of
the present invention.

FIG. 13 is a diagram illustrating a process for detecting a
packet mode through signal field transmission without phase
shift of a data tone in accordance with an exemplary embodi-
ment of the present invention.

FIG. 14 is a diagram illustrating a process for detecting a
packet mode through signal field transmission by 135-degree
phase rotation of a data tone in accordance with an exemplary
embodiment of the present invention.

FIG. 15 is a diagram illustrating a process for detecting a
packet mode through signal field transmission by 135-degree
phase rotation of a data tone and 180-degree phase rotation of
a pilot tone in accordance with an exemplary embodiment of
the present invention.

FIG. 16 is a diagram illustrating a process for detecting a
packet mode through signal field transmission by 45-degree
phase rotation of a data tone and 180-degree phase rotation of
a pilot tone in accordance with an exemplary embodiment of
the present invention.

FIG. 17 is a diagram illustrating a process for detecting a
packet mode through signal field transmission by 180-degree
phaserotation of a pilot tone in accordance with an exemplary
embodiment of the present invention.

FIG. 18 is a diagram illustrating a method for automatically
detecting a VHT mode in a mixed field mode in accordance
with an exemplary embodiment of the present invention.

FIG. 19 is a diagram illustrating a method for automatically
detecting a VHT mode in a mixed greenfield mode in accor-
dance with an exemplary embodiment of the present inven-
tion.

FIG. 20 a diagram illustrating a method for redefining/
using HT-SIG2 for VHT in accordance with an exemplary
embodiment of the present invention.

FIG. 21 is a flow diagram illustrating the location of HT-
STF in a legacy/HT mixed mode and the location of VHT-
SIGA in a legacy/HT/VHT mixed mode for detailed gain
control in accordance with an exemplary embodiment of the
present invention.

FIG. 22 is a flow diagram illustrating a method for detect-
ing a packet mode by phase rotation of a signal field in
accordance with an exemplary embodiment of the present
invention.

FIG. 23 is a flow diagram illustrating a method for detect-
ing a packet mode by using phase rotation type information in
accordance with an exemplary embodiment of the present
invention.

DESCRIPTION OF SPECIFIC EMBODIMENTS

Exemplary embodiments of the present invention will be
described below in more detail with reference to the accom-
panying drawings. The present invention may, however, be
embodied in different forms and should not be constructed as
limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope of the
present invention to those skilled in the art. Throughout the
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disclosure, like reference numerals refer to like parts through-
out the various figures and embodiments of the present inven-
tion.

The foregoing objects and advantages of the present inven-
tion will be described below in detail with reference to the
accompanying drawings so that the technical concept of the
present invention can be easily realized by those skilled in the
art to which the present invention pertains. In the following
description, detailed descriptions of well-known functions or
configurations will be omitted in order not to unnecessarily
obscure the subject matters of the present invention. Herein-
after, exemplary embodiments of the present invention will be
described in detail with reference to the accompanying draw-
ings.

The present invention provides a method for automatically
detecting a packet mode in a wireless communication system
supporting a multiple mode. The following description is
made in the context of a wireless LAN, to which the present
invention is not limited. Thus, those skilled in the art will
readily understand that the present invention may also be
applicable to any other wireless communication system that
uses a multi-mode packet. The terms °‘legacy’, ‘High
Throughput (HT)’, and ‘Very High Throughput (VHT)’ used
herein to describe the present invention are not intended to
designate specific modes, but are merely exemplary terms
intended to represent packets of different modes in a wireless
LAN for a better understanding of the present invention.
Thus, those skilled in the art will readily understand that these
terms may be replaced by other terms.

In general, a legacy mode signal field L-SIG has a Rate
value [._RATE as a data rate value and has a Length value
L_LENGTH as a packet length value. Also, an HT mode
signal field HT-SIG has an MCS (Modulation and Coding
Scheme, HT_RATE) value as a data rate value and has an
HT_LENGTH value as a packet length value.

What is also provided is a technology for preventing a
channel access of legacy terminals at HT mode packet trans-
mission while an HT mode packet occupies a channel. This is
called an L-SIG TXOP protection technology using the
L_LENGTHandI,_RATE of L-SIG. A packet length part and
a data rate of an [-SIG field are set for channel occupation
time setting for each of RTS, CTS and DATA packets.

In order to maintaining the compatibility with the conven-
tional IEEE 802.11a/g wireless LAN and prevent a signal
collision due to a conventional wireless LAN device, the
IEEE 802.11n wireless LAN technology sets a data rate to 6
Mbps and sets a packet length in conformity with the channel
occupation period of a transmission (TX) packet. That is,
L_RATE and L_LENGTH values are set as “L._RATE=6
Mbps”, “L_LENGTH Value of L-SIG=L,_RATExL_SIG
Duration”.

Herein, the channel occupation time of a TX packet is
determined according to the data rate information and the
packet length information of VHT-SIG or HT-SIG. That is,
the channel occupation time of a TX packet of an HT mode
packetis “HT_LENGTH/HT_RATE”, and the channel occu-
pation time of a TX packet of a VHT mode packet is
“VHT_LENGTH/VHT_RATE”.

A Network Allocation Vector (NAV) value is determined
according to the channel occupation time of the TX packet,
the known preamble signal and the signal field transmission
time. That is, the NAV value is determined to be “aPreamble-
Length+aPL.CPHeaderLength+L-SIG Duration-TXTIME”.
Herein, aPreamblelength has a “L-STF+L-LTF” value as a
legacy preamble transmission time, and aPLCPHeader-
Length means a time necessary for L-SIG transmission. Also,
L-SIG Duration has a “L_LENGTH/L_RATE” value as the
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channel occupation time of a TX packet, and TXTIME means
atime necessary for packet transmission. HT-SIG Duration or
VHT-SIG Duration may also be calculated in the same way as
described above. In general, terminals failing to acquire the
channel occupation right sets the NAV value to the sum of an
L-SIG duration value and a preamble and signal field trans-
mission time value.

In order to improve the throughput of a VHT mode and
maintain the compatibility, the present invention provides a
method for transmitting a VHT mode packet by setting
HT_RATE to MCSO0. On the basis of the above characteris-
tics, the present invention performs an automatic packet mode
detection process in the following manner.

1) A legacy mode or HT mode or VHT mode packet if
L_RATE is set to 6 Mbps.

2) A legacy mode packet if [._RATE is not 6 Mbps.

3) An HT mode or VHT mode packet if L_LENGTH is
greater than a threshold value 1.

4) A legacy mode packet if L_ILENGTH is smaller than a
threshold value 1.

5)AnHT mode packetora VHT mode packet if HT_RATE
is set to MCSO0.

6) An HT mode packet it HT_RATE is not MCSO.

7) A VHT mode packet if HI_LENGTH is greater than a
threshold value 2.

8) An HT mode packet if HT_LENGTH is smaller than a
threshold value 2.

FIG. 2 is a flow diagram illustrating a method for detecting
a packet mode by a phase shift by using L-SIG information
and HT-SIG information in accordance with an exemplary
embodiment of the present invention.

Although FIG. 2 illustrates the case of using both [._RATE
and I._LENGTH simultaneously, the case of using only one
of the two conditions is also possible. Also, although FIG. 2
illustrates the case of using HT_RATE and HT_LENGTH
conditions simultaneously, one of the two conditions may be
used. A detailed method for this will be described below in
detail.

A threshold value 1 and a threshold value 2 may be set by
aprogrammable register. Because a legacy mode packet does
not exceed a 2346-byte length, the threshold value is set to
2346 bytes as a default value. Also, because an HT mode
packet exceeds a 65536-byte length in the event of aggrega-
tion, the threshold value 2 is set to 65537 bytes.

Referring to FIG. 2, if [._RATE is not set to 6 Mbps (in step
S201), it is determined to be a legacy mode packet. If
L_RATE is set to 6 Mbps (in step S201), the method com-
pares L._LLENGTH and the threshold value 1 (step S202). If
the L_LENGTH is smaller than the threshold value 1, the
method determines whether the tone in a symbol following an
L-SIG field is phase-rotated (step S203).

If the tone in a symbol following an L-SIG field is not
phase-rotated, it is determined to be a legacy mode packet. If
the tone in a symbol following an L-SIG field is phase-
rotated, the method determines whether HT_RATE is set to
MCSO (step S204). If the L_LENGTH is greater than the
threshold value 1, the method determines whether HT_RATE
is set to MCSO (step S204).

If HT_RATE is not set to MCSO (step S204), it is deter-
mined to be an HT mode packet. IfHT_RATE is set to MCSO
(step S204), the method compares the HT_LENGTH and the
threshold value 2 (step S205). If the HT_LENGTH is smaller
than the threshold value 2, the method determines whether the
tone in a symbol following an HG-SIG field is phase-rotated
(step S206). If the tone in a symbol following an HG-SIG field
is not phase-rotated, it is determined to be an HT mode
packet. If the tone in a symbol following an HG-SIG field is
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phase-rotated, it is determined to be a VHT mode packet. If
the HT_LENGTH is greater than the threshold value 2, it is
determined to be a VHT mode packet.

InFIG. 2, ifthe L_RATE is not used, the method performs
an operation of comparing the ._LENGTH and the threshold
value 1; and if the L_LENGTH is not used, the method
performs the step S203 after the step S201. Likewise, if the
HT_RATE is not used, the method performs an operation of
comparing the HT_LENGTH and the threshold value 2; and
ifthe HT_LENGTH is not used, the method performs the step
S206 after the step S204.

FIG. 3 is a flow diagram illustrating a method for detecting
apacket mode by a phase shift by using [.-SIG information in
accordance with an exemplary embodiment of the present
invention.

Although FIG. 3 illustrates the case of using the [,_RATE
and the L_LENGTH simultaneously, only one of the two
conditions may be used.

Referring to FIG. 3, if the L_RATE is not set to 6 Mbps
(step S301), it is determined to be a legacy mode packet. [fthe
L_RATE is set to 6 Mbps (step S301), the method compares
the [._LLENGTH and the threshold value 1 (step S302). If the
L_LENGTH is smaller than the threshold value 1, the method
determines whether the tone in a symbol following the L-SIG
field is phase-rotated (step S303).

If the tone in a symbol following the L-SIG field is not
phase-rotated, it is determined to be a legacy mode packet. If
the tone in a symbol following the L-SIG field is phase-
rotated (step S303), the method determines whether the tone
in a symbol following the HT-SIG field is phase-rotated (step
S304).

If the tone in a symbol following the HT-SIG field is not
phase-rotated, it is determined to be an HT mode packet. If the
tone in a symbol following the HT-SIG field is phase-rotated,
it is determined to be a VHT mode packet.

InFIG. 3, ifthe L_RATE is not used, the method performs
an operation of comparing the ._LENGTH and the threshold
value 1; and if the L_LENGTH is not used, the method
performs the step S303 after the step S301.

FIG. 4 is a flow diagram illustrating a method for detecting
a packet mode by a phase shift by using HT-SIG information
in accordance with an exemplary embodiment of the present
invention.

Although FIG. 4 illustrates the case of using the HT_RATE
and the HT_LENGTH simultaneously, only one of the two
conditions may be used.

Referring to FIG. 4, if the L_RATE is not set to 6 Mbps
(step S401), it is determined to be a legacy mode packet. [fthe
L_RATE is set to 6 Mbps (step S401), the method determines
whether HT_RATE is set to MCSO (step S402).

If HT_RATE is not set to MCSO (step S402), it is deter-
mined to be an HT mode packet. IfHT_RATE is set to MCSO
(step S402), the method compares the HT_LENGTH and the
threshold value 2 (step S403). If the HT_LENGTH is smaller
than the threshold value 2, the method determines whether the
tone in a symbol following an HG-SIG field is phase-rotated
(step S404).

If the tone in a symbol following an HG-SIG field is not
phase-rotated, it is determined to be an HT mode packet. If the
tone in a symbol following an HG-SIG field is phase-rotated,
it is determined to be a VHT mode packet. Also, if the
HT_LENGTH is greater than the threshold value 2, it is
determined to be a VHT mode packet.

In FIG. 4, if the HT_RATE is not used, the method per-
forms an operation of comparing the HT_LENGTH and the
threshold value 2; and if the HT_LENGTH is not used, the
method performs the step S404 after the step S402.
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FIGS. 2 to 4 illustrate methods for detecting a packet mode
by a phase shift on the basis of the packet length information
or the data rate information of the signal field. However, the
packet mode may also be detected by using the packet length
information and the data rate information of the signal field
according to a phase shift type.

FIG. 5 is a flow diagram illustrating a method for detecting
a packet mode by using packet length information and data
rate information of a signal field according to a phase shift
type in accordance with an exemplary embodiment of the
present invention.

Referring to FIG. 5, if the L._RATE is not set to 6 Mbps
(step S501), it is determined to be a legacy mode packet. Ifthe
L_RATE is set to 6 Mbps (step S501), the method compares
the [._LENGTH and the threshold value 1 (step S502). If the
L_LENGTH is smaller than the threshold value 1, the method
determines whether the tone in a symbol following the L-SIG
field is phase-rotated (step S503).

If the tone in a symbol following the L-SIG field is not
phase-rotated, it is determined to be a legacy mode packet. If
the tone in a symbol following the L-SIG field is phase-
rotated (step S503), the method determines whether it is a
VHT mode phase rotation type (step S504). Also, if the
L_LENGTH is greater than the threshold value 1, the method
determines whether it is a VHT mode phase rotation type
(step S504).

If it is a VHT mode phase rotation type (step S504), it is
determined to be a VHT mode packet. If it is nota VHT mode
phase rotation type but an HT mode phase rotation type (step
S505), it is determined to be an HT mode. If it is not an HT
mode phase rotation type (step S505), it is determined to be an
initialization mode or a legacy mode.

Meanwhile, the 802.11a/g mode (legacy mode) can sup-
port up to 20 MHz, and the 802.11n mode (HT mode) can
support up to 40 MHz, and the VHT mode can support up to
80 MHz. Thus, on the basis of these facts, the present inven-
tion may determine a packet mode in the following manner.

1) A legacy mode packet or an HT mode packet ora VHT
mode packet for a 20 MHz channel mode packet.

2) An HT mode packetor aVHT mode packet fora 40 MHz
channel mode packet.

3) AVHT mode packet for a 80 MHz channel mode packet.

FIGS. 6 and 7 are flow diagrams illustrating a method for
detecting a packet mode by a phase shift by using channel
information in accordance with an exemplary embodiment of
the present invention. A wireless LAN device may detect the
bandwidth of a received signal through a carrier sensing cir-
cuit, and this operation is performed using a preamble fol-
lowed by a signal field of the received signal. That is, not only
the aforesaid data rate information and packet length infor-
mation but also phase shift information may be detected as the
channel bandwidth information of a TX signal to detect a
packet mode.

FIG. 6 is a flow diagram illustrating a method for detecting
a packet mode by a phase shift by using both the signal field
information and the channel information in accordance with
an exemplary embodiment of the present invention. FIG. 7 is
a flow diagram illustrating a method for detecting a packet
mode by a phase shift by using only the channel information
in accordance with an exemplary embodiment of the present
invention.

Although FIGS. 6 and 7 illustrate the case of determining
whether it is a 20 MHz bandwidth or a 40 MHz bandwidth,
only one of the two conditions may be used.

Referring to FIG. 6, if the channel bandwidth is determined
to be 20 MHz by using a preamble (step S601), the method
determines whether the [._RATE is set to 6 Mbps (step S602).
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If the I_RATE is not set to 6 Mbps (step S602), it is deter-
mined to be a legacy mode packet. If the L_RATE is setto 6
Mbps (step S602), the method compares the ._IL.LENGTH and
the threshold value 1 (step S603). If the I_LENGTH is
smaller than the threshold value 1, the method determines
whether the tone in a symbol following the L-SIG field is
phase-rotated (step S604).

If the tone in a symbol following the L-SIG field is not
phase-rotated, it is determined to be a legacy mode packet. If
the tone in a symbol following the L-SIG field is phase-
rotated, the method determines whether the HT_RATE is set
to MCSO (step S606).

Also, if the channel bandwidth is determined to be 40 MHz
by using a preamble (step S605), the method determines
whether the HT_RATE is set to MCSO (step S606). If the
channel bandwidth is determined to be not 40 MHz by using
a preamble (step S605), it is determined to be a VHT mode
packet.

On the other hand, if the HT_RATE is not set to MCSO
(step S606), it is determined to be an HT mode packet. If the
HT_RATE is not set to MCSO (step S606), the method com-
pares the HT_LENGTH and the threshold value 2 (step
S607). If the HT_LENGTH is smaller than the threshold
value 2, the method determines whether the tone in a symbol
following the HT-SIG field is phase-rotated (step S608).

If the tone in a symbol following the HT-SIG field is not
phase-rotated, it is determined to be an HT mode packet. If the
tone in a symbol following the HT-SIG field is phase-rotated,
it is determined to be a VHT mode packet. Also, if the
HT_LENGTH is greater than the threshold value 2 (step
S607), it is determined to be a VHT mode packet.

Although FIG. 6 illustrates the case of using both of the
L_RATE and the L_LENGTH and using both of the
HT_RATE and the HT_LENGTH, only one of the two con-
ditions may be used as described with reference to FIG. 2.

Referring to FIG. 7, if the channel bandwidth is determined
to be 20 MHz by using a preamble (step S701), the method
determines whether the tone in a symbol following the L-SIG
field is phase-rotated (step S702).

If the tone in a symbol following the L-SIG field is not
phase-rotated (step S702), it is determined to be a legacy
mode packet. I[f thetone in a symbol following the L.-SIG field
is phase-rotated (step S702), the method determines whether
the tone in a symbol following the HT-SIG field is phase-
rotated (step S704).

If the tone in a symbol following the HT-SIG field is not
phase-rotated (step S704), it is determined to be an HT mode
packet. If the tone in a symbol following the HT-SIG field is
phase-rotated (step S704), it is determined to be a VHT mode
packet.

Meanwhile, if the channel bandwidth is determined to be
40 MHz by using a preamble (step S703), the method deter-
mines whether the tone in a symbol following the HT-SIG
field is phase-rotated (step S704). If the channel bandwidth is
determined to be not 40 MHz by using a preamble (step
S703), it is determined to be a VHT mode packet.

FIG. 8 is a flow diagram illustrating a packet mode detec-
tion method in accordance with an exemplary embodiment of
the present invention when a VHT compatible part follows the
L-SIG.

Like the case of FIG. 7, the case of FIG. 8 may not use the
packet length information or the data rate information of the
signal field information.

Referring to FIG. 8, if the channel bandwidth is determined
to be 20 MHz by using a preamble (step S801), the method
determines whether the [._RATE is setto 6 Mbps (step S802).
If the I_RATE is not set to 6 Mbps (step S802), it is deter-
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mined to be a legacy mode packet. If the [ RATE is setto 6
Mbps (step S802), the method compares the ._I.LENGTH and
the threshold value 1 (step S803).

Ifthe L_LENGTH is smaller than the threshold value 1, the
method determines whether the tone in a symbol following
the L-SIG field is phase-rotated (step S804). If the tone in a
symbol following the L-SIG field is not phase-rotated (step
S804), it is determined to be a legacy mode packet.

If the tone in a symbol following the L-SIG field is phase-
rotated (step S804), the method determines whether it is a
VHT mode phase rotation type (step S806). Also, if the
L_LENGTH is greater than the threshold value 1 (step S803),
the method determines whether it is a VHT mode phase
rotation type (step S806).

Also, if the channel bandwidth is determined to be 40 MHz
by using a preamble (step S805), the method determines
whether it is a VHT mode phase rotation type (step S806). If
the channel bandwidth is determined to be not 40 MHz by
using a preamble (step S805), it is determined to be a VHT
mode packet.

On the other hand, if it is a VHT mode phase rotation type
(step S806), it is determined to be a VHT mode packet. Ifit is
not a VHT mode phase rotation type but an HT mode phase
rotation type (step S807), it is determined to be an HT mode
packet. If it is not an HT mode phase rotation type (step
S807), it is determined to be an initialization mode or a legacy
mode.

A description has been given of a method for automatically
detecting a packet mode according to the signal field infor-
mation and the channel type information. Hereinafter, a
description will be given of a method for automatically
detecting a packet mode by rotating a pilot tone and/or a data
tone of a signal field.

FIG. 9 is a diagram illustrating a frame structure fora VHT
mode that is under discussion by IEEE 802.11 TGac for a
VHT mode wireless LAN service.

As illustrated in FIG. 9, a VHT frame includes a legacy
and/or HT compatible part and a VHT compatible part or a
VHT mode. The legacy and/or HT compatible part includes a
short legacy preamble L-SF, a long legacy preamble L-LTF,
and a legacy signal field L-SIG. Also, the legacy and/or HT
compatible part may selectively include HT signal fields HT-
SIG1 and HT-SIG2. The VHT compatible part includes: a
VHT-SIGA field that is a signal field receivable by all of
legacy mode terminals, HT mode terminals and VHT mode
terminals; a VHT-LTF field, a VHT-SIGB field; a VHT data
field; and a VHT-STF field receivable only by VHT mode
terminals.

In order to automatically detect a packet mode in the multi-
mode packet frame structure, the present invention provides a
data tone phase modulation transmission scheme and/or a
pilot tone phase modulation transmission scheme.

Hereinafter, a description will be given of packet mode
detection methods using phase rotation of a data tone and/or
a pilot tone in accordance with various exemplary embodi-
ments of the present invention. In the drawings, for conve-
nience in description, a datatone is represented by a circle and
a pilot tone with a value of -1 or +1 is represented by an
asterisk.

In FIGS. 10 to 13, a conventional IEEE 802.11a/g signal
field L-SIG modulates a data tone and a pilot tone by a BPSK
modulation scheme prior to transmission. Also, an IEEE
802.11n signal field HT-SIG modulates a pilot tone by a
BPSK scheme prior to transmission and modulates a data
tone by a Q-BPSK modulation scheme. Accordingly, a packet
mode may be detected by detecting whether the phase of a
field following an [.-SIG field is rotated.



US 8,582,418 B2

13

FIG. 10 is a diagram illustrating a method for detecting a
packet mode through signal field transmission by phase rota-
tion of a pilot tone in accordance with an exemplary embodi-
ment of the present invention.

Referring to FIG. 10, in order to improve the detection
reliability of the conventional L-SIG field or HT-SIG field and
maintain the compatibility, the present invention provides a
method of modulating a data tone of a VHT-SIG field by a
90-degree phase-rotated Q-BPSK modulation scheme and
transmitting a pilot tone by 180-degree phase rotation. If the
VHT-SIG field is modulated prior to transmission as illus-
trated in FIG. 10, the terminal can detect a packet mode
through the VHT-SIG field, because a data tone has a 90-de-
gree phase difference and a pilot tone has a 180-degree phase
difference in comparison with the L-SIG field. Also, if the
VHT-SIG field is modulated prior to transmission, the receiv-
ing terminal can detect a packet mode with a high reliability
due to a 180-degree phase difference of a pilot tone, which
must be extracted before a data tone for phase error estima-
tion, in comparison with the HT-SIG field.

The modulation scheme of the VHT-SIG field illustrated in
FIG. 10 may be expressed as Equation 1.

. 1 ! Eq. 1
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FIG.11is adiagram illustrating a method for automatically
detecting a packet mode through signal field transmission by
phase rotation of a pilot tone and phase rotation of a data tone
in accordance with another exemplary embodiment of the
present invention.

In comparison with the exemplary embodiment of FIG. 10,
the exemplary embodiment of FIG. 11 uses a method of
modulating a pilot tone by 90-degree phase rotation, not by
180-degree phase rotation. That is, the exemplary embodi-
ment of FIG. 11 modulates both of the data tone and the pilot
tone for the VHT-SIG field by 90-degree phase rotation.

If the VHT-SIG field is modulated prior to transmission as
illustrated in FIG. 11, the receiving terminal can detect a
packet mode with a high reliability, because the data tone has
a 90-degree phase difference and the pilot tone has a 90-de-
gree phase difference in comparison with the L-SIG field and
the pilot tone has a 90-degree phase difference in comparison
with the HT-SIG field.

The modulation scheme of the VHT-SIG field illustrated in
FIG. 11 may be expressed as Equation 2.

1 1 Eq. 2
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-continued
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FIG. 12 is a diagram illustrating a method for automatically
detecting a packet mode through signal field transmission by
phase rotation of a data tone and phase rotation of a pilot tone
in accordance with another exemplary embodiment of the
present invention.

In comparison with the exemplary embodiment of FIG. 11,
the exemplary embodiment of FIG. 12 uses a method of
modulating a pilot tone by 270-degree phase rotation, not by
90-degree phase rotation. That is, the exemplary embodiment
of FIG. 12 modulates the data tone of the VHT-SIG field by
90-degree phase rotation and modulates the pilot tone of the
VHT-SIG field by 270-degree phase rotation.

If the VHT-SIG field is modulated prior to transmission as
illustrated in FIG. 12, the receiving terminal can detect a
packet mode with a high reliability, because the data tone has
a 90-degree phase difference and the pilot tone has a 270-
degree phase difference in comparison with the L-SIG field
and the pilot tone has a 270-degree phase difference in com-
parison with the HT-SIG field.

The modulation scheme of the VHT-SIG field illustrated in
FIG. 12 may be expressed as Equation 3.
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FIG. 13 illustrates a method of modulating the data tone in
the same manner as the L-SIG and modulating only the pilot
tone by 90-degree phase rotation, 180-degree phase rotation,
or 270-degree phase rotation. FIG. 3 A illustrates the case of
rotating only the pilot tone by 180-degree phase rotation. F1G.
13B illustrates the case of rotating only the pilot tone by
90-degree phase rotation. FIG. 13C illustrates the case of
rotating only the pilot tone by 270-degree phase rotation.

If the VHT-SIG field is modulated prior to transmission as
illustrated in FIG. 13, the receiving terminal can detect a
packet mode with a high reliability, because the pilot tone has
a 180-degree phase difference, a 90-degree phase difference
and a 270-degree phase difference in comparison with the
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L-SIG field and the data tone has a 90-degree phase difference
and the pilot tone has a 180-degree phase difference, a 90-de-
gree phase difference and a 270-degree phase difference in
comparison with the HT-SIG field.

In general, because the data tone has no directionality, it
may be phase-rotated by 45 degrees (or 135 degrees), by 90
degrees, or by 180 degrees (or 0 degree). Also, because the
pilot tone has directionality, it may be phase-rotated by 90
degrees, by 180 degrees, or by 270 degrees.

There are two cases where limited use is available. The first
case is that the data tone is 0 degree and the pilot tone is O
degree. In the case of a frame structure where the VHT-SIG
field follows the HT-STF field or the HT-LTF field, this first
method may not be used because it is the same as the data
field. However, this first method may also be used in the case
of a frame structure where the VHT-SIG field follows the
HT-SIG field or the L-SIG field. The second case is that the
data tone is 90 degrees and the pilot tone is O degree. In the
case of a frame structure where the VHT-SIG field follows the
L-SIG field, this second method may not be used because it is
the same as the modulation scheme of the HT-SIG field.
However, this second method may be used in the case of a
frame structure where the VHT-SIG field follows the HT-SIG
field or the HT-STF field or the HT-LTF field.

In general, the IEEE 802.11n-based packet has an HT-SIG
field followed by an HT-STF field. Thus, in the case ofa VHT
mode frame structure where a VHT-SIG field follows an
HT-SIG field, it is necessary to discriminate between a VHT-
SIG signal and an HT-STF signal of an HT mode.

FIGS. 14 and 15 are diagrams illustrating a method for
detecting a packet mode in a VHT frame structure in which a
VHT-SIG field follows an HT-SIG field in accordance with an
exemplary embodiment of the present invention.

Referring to FIG. 14, the present invention modulates a
pilot tone in the same manner as the conventional L-SIG field
and modulates a data tone by 135-degreed phase rotation. The
reason for the 135-degreed phase rotation of a data tone is that
it can provide a detection threshold value capable of detecting
an HT-STF signal and a VHT-SIG signal with a hither reli-
ability because an HT-STF signal is mapped to 1+j or —1—j.
That is, by comparing the distribution of RX signals by x=0,
y=0, if the RX signals are distributed more in the first quad-
rant (I value >0, Y value >0) or in the third quadrant (I value
<0, Y value <0), the signal may be determined to be an
HT-SIG signal; and if the RX signals are distributed more in
the second quadrant (I value <0, Y value >0) or in the fourth
quadrant (I value >0, Y value <0), the signal may be deter-
mined to be an VHT-SIG signal.

The present invention of FIG. 14 can accurately discrimi-
nate between an HT-STF signal and a VHT-SIG signal before
the processing of the corresponding symbol by a DFT method
because the location of a carrier frequency for a signal is
known by the characteristics of the HI-STF. The present
invention of FI1G. 14 is applicable if the HT-SIG is used in the
same manner as the conventional HT mixed mode. Also, the
method of maintaining 90-degree phase rotation or 0 degree
rather than 135-degree phase rotation is more efficient in
terms of accuracy in the structure where a VHT-SIG field
follows an L-SIG field without an HT-SIG field interposed
therebetween.

Meanwhile, the present invention may simultaneously use
the 135-degree phase rotation of a data tone and the phase
rotation of a pilot tone in order to improve the detection
reliability. FIG. 15 illustrates the case of rotating the phase of
a data tone by 135 degrees and rotating the phase of a pilot
tone by 180 degrees. The present invention includes rotating
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the phase of a pilot tone by 90 degrees, rotating the phase of
a pilot tone by 180 degrees, and rotating the phase of a pilot
tone by 270 degrees.

Meanwhile, the present invention includes a method for
automatically detecting a packet mode by using a data tone
with a 90-degree or 45-degree phase difference and a 180-
degree phase inverted pilot tone. Herein, the discrimination
between a VHT-SIG signal and an HT-SIG signal is per-
formed using the 90-degree phase difference of a data tone
and the 180-degree phase difference of a pilot tone. Also, the
discrimination between a VHT-SIG signal and an HT-LTF
signal is performed using the 180-degree phase difference of
apilot tone and the 45-degree phase difference of a data tone.
Also, the discrimination between a VHT-SIG signal and an
HT-SIG (or L-SIG) signal is performed using the 180-degree
phase difference of a pilot tone and the 45-degree phase
difference of a data tone.

The use of the present invention can support an HT/VHT
mixed greenfield mode. Accordingly, a preamble overhead
can be reduced and HT-SIG spoofing is possible. Also, it is
possible to perform a signal field decoding operation more
robust against a noise by using 8-bit CRC. Also, it is possible
to secure a very long transmission opportunity using a 16-bit
length. Also, it is possible to perform an automatic VHT
detection operation using an HT-SIG rate field.

Before describing the features of the present invention, the
following abbreviations are described first.

L denotes a subcarrier of a lower band, and U denotes a
subcarrier of an upper band. LD denotes a data subcarrier of
a lower band, and UD denotes a data subcarrier of an upper
band. LP denotes a pilot subcarrier of a lower band, and UP
denotes a pilot subcarrier of an upper band. When defining a
20 MHz band mode in a wireless LAN, it is divided into a
lower band, an upper band and a center band. The lower band
is a band lower than a 40 MHz band. The upper band is a band
higher than the 40 MHz band. The center band is a 20 MHz
band having a center frequency at the center of the 40 MHz
band. The 20 MHz center band mode may use the same
method as the 20 MHz lower band mode.

FIG. 16 illustrates a method of performing a modulation
operation by 45-degree (upper band) or 135-degree (lower
band) phase rotation of a data tone for each band (in compari-
son with the BPSK modulation scheme) and 180-degree
phaserotation of a pilot tone in accordance with an exemplary
embodiment of the present invention. Herein, the 45-degree
and 135-degree phase rotation for each band the 45-degree
phase rotation for each band in comparison with the Q-BPSK
modulation result.

FIG. 17 illustrates a method of modulating a data tone in
the same manner as the BPSK modulation scheme (i.e., no
phase rotation) and modulating only a pilot tone by 180-
degree phase rotation in accordance with an exemplary
embodiment of the present invention.

FIG. 18 is a diagram illustrating a method for automatically
detecting a VHT mode in a mixed mode in accordance with an
exemplary embodiment of the present invention.

In FIG. 18, in the case of a legacy/HT/VHT mixed mode
packet, a comparison target is a legacy/HT mixed mode
packet. Therefore, a comparison target for automatic detec-
tion is the VHT-SIGA of the legacy/HT/VHT mixed mode
packet and the HT-STF and HT-LTF of the legacy/HT mixed
mode packet. As described above, an automatic mode detec-
tion for the first symbol of the VHT-SIGA is performed by
using a 45-degree phase rotation modulation scheme of a data
tone and a 180-degree phase rotation modulation scheme of a
pilot tone. An automatic mode detection for the second sym-
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bol of the VHT-SIGA is performed by using the 45-degree
phase difference of a data tone and the 180-degree phase
difference of a pilot tone.

FIG.19is adiagram illustrating a method for automatically
detecting a HT/VHT mode in a greenfield mode in accor-
dance with an exemplary embodiment of the present inven-
tion.

Ifan HT-SIG field is included in an VHT frame structure, it
can support an HT/VHT mixed greenfield mode. The com-
parison target of an HT/VHT mixed greenfield mode packet is
an HT greenfield mode. The reason for this is that the VHT
can consider a network environment having only a HT mode
and a VHT mode in an environment without a legacy terminal
because the green field of the conventional IEEE 802.11n
standards means a network state without a legacy terminal.
Herein, because an HT terminal of the IEEE 802.11n stan-
dards cannot support an VHT mode, it may perform a trans-
mission in an HT greenfield mode. Therefore, the HT/VHT
mixed greenfield mode must automatically detect a packet
mode in comparison with the HT greenfield mode.

Like the aforesaid VHT-SIGA modulation scheme, the
comparison target of a modulated signal is the HT-LTF.
Herein, a VHT mode and an HT mode are discriminated by a
45-degree phase-rotated data tone and a 180-degree phase-
rotated pilot tone. Herein, in the case of an IEEE 802.11n
terminal, an automatic mode detection may be performed
using both of the two symbols of the HT-SIG. However, in the
case of a VHT terminal, a mode detection must be performed
on a symbol basis for detailed gain control of a legacy/HT/
VHT mixed greenfield mode.

Specifically, the detailed gain control must be performed
on a symbol basis because whether to reflect the calculated
detailed gain value must be determined according to the auto-
matic packet mode detection result. The VHT-SIGA of the
HT/VHT mixed greenfield mode packet is compared with the
HT-LTF ofthe HT greenfield mode, but the HT-LTF of the HT
greenfield mode must be detected on a symbol basis because
it can be one symbol.

Recently, the IEEE 802.11 TGac standardization confer-
ence is intended to define the VHT-SIGA by two symbols.
However, when it is intended to provide the use as an infor-
mation field to be applied to all users and to define various
high-end technologies, it may be short of'a 2-symbol length.
An exemplary embodiment of the present invention includes
an HT-SIG field, and it may be redefined/used for a VHT
terminal by reusing a portion of the HT-SIG. To this end, a
shared signal field S-SIG is used.

FIG. 20 a diagram illustrating a method for redefining/
using HT-SIG2 for VHT in accordance with an exemplary
embodiment of the present invention.

FIG. 20 illustrates that the HT-SIG2 is redefined/used for
the VHT. Likewise, a portion of the HT-SIG is redefined/used
for the VHT in the legacy/HT/VHT mixed mode or the
HT/VHT mixed greenfield mode, so that the advantages
(high-reliability signal demodulation, automatic packet mode
detectionusing HT-SIG information, the possibility of setting
a very long transmission opportunity guard interval, and the
possibility of supporting the HT/VHT greenfield mode) of the
HT-SIG can be used without increasing the number of sym-
bols of the VHT-SIG.

For example, for Smoothing(1), Sounding(1), Reserved
(1), Aggregation(1), STBC(2), FEC coding(1), Short GI(1)
and Number of extension spatial streams(2), a numeral in the
parenthesis may be reused for the VHT as bit number infor-
mation, and additional bits may be allocated to the VHT-SIG.

Ifthe VHT-SIGA is defined in a two-symbol length, it may
beused like the option 1 of FIG. 20. Inthis case, the greenfield
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mode can be detected by detecting a 45-degree phase-modu-
lated Q-BPSK signal at the VHT-SIGA field location and
detecting a 180-degree phase-inverted pilot.

In addition, another method of the present invention is a
rapid mode automatic detection method for the VHT green-
field mode. In the case of VHT-GF-STF, it is a method of
performing a transmission by 90-degree phase rotation in
comparison with the conventional L-STF or HT-GF-STF. By
doing so, the detection of the VHT greenfield mode can be
performed immediately after the automatic detection of the
VHT-GF-STFE.

FIG. 21 is a flow diagram illustrating the location of HT-
STF in a legacy (Le)/HT mixed mode and the location of
VHT-SIGA in a legacy (Le)HT/VHT mixed mode for
detailed gain control in accordance with an exemplary
embodiment of the present invention.

As illustrated in FIG. 21, because the location of the VHT-
SIGA in a legacy (Le)/HT/VHT mixed mode is the same as
the location of the HT-STF in a legacy/HT mixed mode, a
VHT terminal must determine whether to perform a detailed
gain control. The detailed gain control is performed in the
following manner.

After a large gain is controlled in the L-STF, a greenfield
(GF)/mixed field (MF) mode is automatically detected in the
L-SIG and an HT mode is automatically detected in the HT-
SIG1. Then, RX signal level measurement and gain calcula-
tion are performed for detailed gain control in the first symbol
of'the VHT-SIGA. Concurrently, the phase of a data tone and
the phase of a pilot tone are calculated, and a packet mode is
automatically detected before the end of the first symbol of
the VHT-SIGA (more specifically, allowing a stabilization
time for gain control). If a phase-inverted pilot is present in
the first symbol of the VHT-SIGA as described above or a
90-degree phase-modulated data tone is detected, it is iden-
tified as a VHT mode. Herein, a mode recheck is performed at
the second symbol of the VHT-SIGA without applying the
calculated detailed gain control value. On the other hand, if a
phase-inverted pilot is not present in the first symbol of the
VHT-SIGA and a 90-degree phase-modulated data tone is not
detected, it is identified as an HT mode. Herein, the calculated
detailed gain control value is applied to shift to an HT-LTF
reception state. In this manner, the present invention can
effectively perform the automatic detection and the detailed
gain control.

As described above, the present invention determines the
packetto bea VHT mode packet, when detecting the data tone
phase rotation of a signal following a legacy mode or HT
mode signal field or an HT mode preamble symbol. Also, the
present invention determines the packet to be a VHT mode
packet, when detecting the pilot tone phase rotation of a
signal following a legacy mode or HT mode signal field or an
HT mode preamble symbol.

FIGS. 22 and 23 are flow diagrams illustrating a method for
detecting a packet mode according to the present invention
described above.

FIG. 22 illustrates a method for detecting a packet mode by
determining the phase shift of a pilot tone and a data tone of
the aforesaid signal field in a frame structure where an L-SIG
field, an HT-SIG field and a VHT-SIG field are sequentially
located.

Referring to FIG. 22, if the phase rotation is not detected in
the symbol following the L-SIG field (step S2201), it is deter-
mined to be a legacy mode packet. If the phase rotation is
detected in the symbol following the L-SIG field and if the
phase rotation is not detected in the symbol following the
HT-SIG field (step S2202), it is determined to be an HT mode
packet. If the phase rotation is detected in the symbol follow-
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ing the L-SIG field (step S201) and if the phase rotation is
detected in the symbol following the HT-SIG field (step
S2202), it is determined to be a VHT mode packet.

FIG. 23 a method for identifying an HT mode or a VHT
mode according to the phase shift type in a frame structure
where a VHT-SIG field directly follows an L-SIG field.

Referring to FIG. 23, if the phase shift is not detected in the
symbol following the L-SIG field (step S2301), it is deter-
mined to be a legacy mode packet. If the phase shift is
detected in the symbol following the L-SIG field, the mode is
determined according to the phase rotation type of a VHT
mode or an HT mode determined according to the degree of
the data phase shift and the pilot phase shift (steps S2302 and
S2303).

Meanwhile, in the case of a frame structure where a
sequence with a specific pattern is inserted after a legacy field
(L-SIG or HT-SIG), the present invention may detect a packet
mode in the following manner.

The preamble following the L-SIG field is a short pre-
amble, which is inserted for a fine automatic gain control of an
RX packet operating in a multi-antenna mode. However,
according to the correlation calculation result using the
repetitiveness of a preamble, it can be determined whether a
VHT part or a data field is allocated after an L.-SIG field. Also,
if an HT-SIG field follows an L-SIG field and a preamble
follows an HT-SIG field, it must be determined whether it is
an HT mode or a VHT mode. To this end, the determination
may be made by using the VHT-STF having a different phase
from the HT-STF. That is, by using the 90-degree, 180-degree
or 270-degree phase-shifted VHT-STF of the HT-STF or by
varying the periodicity thereof, it can be detected whether the
packet is a VHT mode packet or an HT mode packet. This
method may be included in the phase difference-based packet
mode detection method of FI1G. 23, but differs from the packet
mode detection method of FIG. 23 in that it detects a packet
mode by using a preamble instead of a signal field.

Meanwhile, the present invention includes a method of
detecting a packet mode by using a reserved bit of the L-SIG
and the HT-SIG. Each of the L-SIG and the HT-SIG includes
a 1-bit reserved bit, and the present invention includes a
method of setting a reserved bitto “1” for transmission in order
to accurately inform whether the packet is an HT mode packet
or a VHT mode packet.

A detailed embodiment thereof will be described in the
context of the case where a frame is constructed in the order
of L-SIG, HT-SIG and VHT-SIG.

Inthe first method, if the reserved bit of the L-S1Gis ‘1, the
packet is determined to be an HT mode packet; and if the
reserved bit of the L-SIG is ‘0’, the packet is determined to be
a legacy mode packet. Also, if the reserved bit of the HT-SIG
is “1°, the packet is determined to be a VHT mode packet; and
if the reserved bit of the HT-SIG is ‘0, the packet is deter-
mined to be an HT mode packet.

In the second method, if the reserved bit of the L-SIG is “1°,
the packet is determined to be a VHT mode packet; and if the
reserved bit of the L-SIG is ‘0’, the packet is determined to be
an HT mode packet. Also, if the reserved bit of the HT-SIG is
1°, the packet is determined to be a VHT mode packet; and if
the reserved bit of the HT-SIG is ‘0’, the packet is determined
to be an HT mode packet.

A description will be given of a frame structure where a
VAHT-SIG field follows an L-SIG field without an HT-SIG
field interposed therebetween.

If the reserved bit of the L-SIG is ‘17, the packet is deter-
mined to be a VHT mode packet; and if the reserved bit of the
L-SIG is ‘0, the packet is determined to be a legacy mode
packet.
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As described above, the method of using the reserved bit of
the L-SIG or the HT-SIG can further improve the packet mode
detection accuracy when used simultaneously with the afore-
said various packet mode detection methods.

The above-described methods can also be embodied as
computer programs. Codes and code segments constituting
the programs may be easily construed by computer program-
mers skilled in the art to which the invention pertains. Fur-
thermore, the created programs may be stored in computer-
readable recording media or data storage media and may be
read out and executed by the computers. Examples of the
computer-readable recording media include any computer-
readable recoding media, e.g., intangible media such as car-
rier waves, as well as tangible media such as CD or DVD.

Because the conventional packet mode detection method
must detect a packet mode by a limited number of data tones
before decoding an HT signal field HT-SIG, the reliability and
stability of the packet mode detection depends greatly on the
hardware processing speed of a receiving terminal. Also, in
the case of the conventional method for discriminating
between a legacy mode data field signal and an HT signal field
(HT-SIG) signal, packet mode detection becomes difficult as
the modulation scheme approaches 64-QAM. Also, the accu-
racy decreases as the noise becomes serious.

The present invention can detect a packet mode according
to the channel type, the packet length and the data rate of the
signal field while maintaining the compatibility with the con-
ventional technology.

When transmitting a VHT mode packet, the present inven-
tion sets the data rate of a legacy signal field and an HT signal
field to the lowest data rate mode. Also, the present invention
uses the packet length information to enable a conventional
HT terminal to protect a VHT packet and uses this to make it
possible to detect a VHT mode packet. Also, unlike the con-
ventional method, the present invention uses a 40 MHz or
more channels to transmit a VHT packet and provides a
multi-channel transmission through nonadjacent channels,
thus making it possible to determine whether the packet is a
legacy mode packet or a VHT mode packet, by using the
channel information detected through carrier sensing.

Also, in order to detect a packet mode with a high reliability
while maintaining the compatibility with the conventional
technology, the present invention rotates the data tone and the
pilot tone when transmitting the VHT signal field VHT-SIG
following the HT signal field. Also, the present invention can
provide a packet mode detection not only by using a signal
field but also by using a preamble.

For automatic packet mode detection, the signal field
modulation method according to the present invention
includes all the possible combinations as the modulation
scheme using the phase rotation of a pilot tone and a data tone
in order to solve the reliability problem of the conventional
method. That is, the present invention modulates a signal field
VHT-SIG for a VHT terminal prior to transmission by using
one of the combinations of the case of rotating the phase of a
data tone by 45 degrees (or 135 degrees), by 90 degrees, or by
180 degrees (or 0 degree) and the case of rotating the phase of
apilot tone by 0 degree, by 90 degrees, by 180 degrees, or by
270 degrees, thereby making it possible to detect a packet
mode with a high reliability.

While the present invention has been described with
respect to the specific embodiments, it will be apparent to
those skilled in the art that various changes and modifications
may be made without departing from the spirit and scope of
the invention as defined in the following claims.
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What is claimed is:

1. A method for transmitting a signal field in a wireless
local area network, the method comprising:

generating a first control sequence and a second control

sequence;

generating a first pilot sequence and a second pilot

sequence;

generating a first modulation sequence by modulating the

first control sequence on a first binary phase shift keying
(BPSK) constellation;
generating a first modulation pilot by modulating the first
pilot sequence on the first BPSK constellation;
generating a second modulation sequence by modulating
the second control sequence on a second BPSK constel-
lation;
generating a second modulation pilot by modulating the
second pilot sequence on the first BPSK constellation;

transmitting the first modulation sequence and the first
modulation pilot in a first orthogonal frequency division
multiplexing (OFDM) symbol; and
transmitting the second modulation sequence and the sec-
ond modulation pilot in a second OFDM symbol,

wherein the second BSPK constellation is rotated by 90°
counter-clockwise relative to the first BPSK constella-
tion.

2. The method of claim 1, wherein signal bits representing
control information are divided into the first control sequence
and the second control sequence.

3. The method of claim 2, wherein the signal bits include a
first field indicating whether or not a space time block code is
used, a second field indicating a number of spatial streams,
and a third field indicating whether or not a short guard
interval is used.

4. The method of claim 1, wherein a transmission band-
width at the first OFDM symbol is substantially the same as a
transmission bandwidth at the second OFDM symbol.

5. The method of claim 4, wherein the transmission band-
width is one of 20 MHz, 40 MHz, 80 MHz, and 160 MHz.

6. An apparatus of transmitting a signal field in a wireless
local area network, the apparatus comprising:
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a memory; and
a processor operatively coupled to the memory and con-

figured to:

generate a first control sequence and a second control
sequence;

generate a first pilot sequence and a second pilot
sequence;

generate a first modulation sequence by modulating the
first control sequence on a first binary phase shift
keying (BPSK) constellation;

generate a first modulation pilot by modulating the first
pilot sequence on the first BPSK constellation;

generate a second modulation sequence by modulating
the second control sequence on a second BPSK con-
stellation;

generate a second modulation pilot by modulating the
second pilot sequence on the first BPSK constellation;

transmit the first modulation sequence and the first
modulation pilot in a first orthogonal frequency divi-
sion multiplexing (OFDM) symbol; and

transmit the second modulation sequence and the second
modulation pilot in a second OFDM symbol,

wherein the second BSPK constellation is rotated by 90°
counter-clockwise relative to the first BPSK constel-
lation.

7. The apparatus of claim 6, wherein signal bits represent-
ing control information are divided into the first control
sequence and the second control sequence.

8. The apparatus of claim 7, wherein the signal bits include
a first field indicating whether or not a space time block code
is used, a second field indicating a number of spatial streams,
and a third field indicating whether or not a short guard
interval is used.

9. The apparatus of claim 6, wherein a transmission band-
width at the first OFDM symbol is substantially the same as a
transmission bandwidth at the second OFDM symbol.

10. The apparatus of claim 9, wherein the transmission
bandwidth is one of 20 MHz, 40 MHz, 80 MHz, and 160
MHz.



